Deleted in Breast Cancer 1 (DBC1/CCAR2) is a regulatory protein involved in cell survival and cancer progression. Herein, we focused on summarizing the overall prognostic value of DBC1 for digestive system cancers. Therefore, we conducted a meta-analysis based on 9 studies with 2391 patients to generated combined hazard ratios (HR) or odds ratio (OR) with its 95% confidence intervals (CI) for overall survival (OS) and clinicopathological features. Positive DBC1 expression was significantly associated with poor OS of digestive system cancers (pooled HR=1.650, 95% CI=1.087-2.504, P<0.019). Stratified analysis also verified the potential prognostic prediction of DBC1 in some subgroups, such as digestive tract cancers (pooled HR=1.685, 95% CI=1.013-2.802, P=0.044), univariate analysis method (pooled HR=2.077, 95%CI=1.221-3.533, P=0.007), publication date within five years (pooled HR=1.609, 95%CI=1.097-2.358, P =0.015), study sample size smaller than 200 (pooled HR=2.304, 95%CI=1.716-3.093, P<0.001) and cutoff value for positive tumor cells more than 50% (pooled HR=1.944, 95% CI=1.479-2.556, P<0.001). Additionally, in terms of the association between DBC1 expression and clinicopathological characteristics, DBC1 expression was correlated to age (pooled OR=0.596, P<0.001), WHO classification (pooled OR =3.780,, P <0.001), Lauren classification (pooled OR=2.000, 95%CI =1.492-2.680, P<0.001), and lymph node metastasis (pooled OR=0.405, 95%CI=0.203-0.806, P=0.010). In conclusion, DBC1 could not only be an independent prognostic factor for survival of patients with digestive system cancer, but might also be a novel target for cancer therapy.
Introduction
Cancer is a leading cause of disease-related death worldwide. Much of the rising burden is due to the growth and aging of the population. Besides, with the change of people's diet structure and lifestyle, the digestive system cancers, composing many complicated organs and unintelligible anatomy, cause approximately 3.2 million deaths per year, which have become one of the most terrible threats for human health [1] [2] . To date, the incidence of esophageal squamous cell carcinoma (ESCC), gastric cancer (GC), hepatocellular carcinoma (HCC), and colorectal cancer (CRC) are still increasing, and ranking among the top causes of cancer-related death worldwide, especially in Eastern Asia (particularly in Korea, Japan, and China) [2] . Though advances in prevention, diagnosis, surgical procedure and adjuvant therapy have been rapidly made, overall prognosis and survival of patients with digestive
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International Publisher system cancers have not improved satisfactorily. Currently, TNM stage, lymph node (LN) invasion, distant metastasis and recurrence are well-known predictors of patient's prognosis after medical treatment [3] [4] [5] . Otherwise, hexokinase 2 [6] and octamer-binding transcription factor 4 [7] were shown to be related to post-operation prognosis. While, it is still hard to explain the individual differences in patient's prognosis, hence, there may be additional markers involved in prognostic information of digestive system cancers, thereby helping patients to avoid enslaving to these digestive neoplasms.
Deleted in breast cancer-1/Cell Cycle and Apoptosis Regulator 2 (DBC1/CCAR2), as a new transcriptional co-activator for nuclear receptors and other transcription factors, is initially identified homozygously delete in human chromosome 8p21 in breast cancer, as well as a functional regulator of various proteins [8] [9] . As the name implies, the characterization of DBC1 originally focused on its functions in breast cancer, which could serve as a potential therapeutic biomarker in cancer diagnose and treatment. Although, studies found that DBC1 was over-expressed in breast cancers and predicted a poor outcome [10] , much of the convincing studies gradually reported that DBC1 regulates SIRT1 activity and the transcription of BRCA1, impacts the anoikis via the IKK-β/NF-κB signaling pathway, inhibits SIRT1-dependent cell survival through the p53 pathway, promotes estrogen-independent proliferation and modulates of estrogen receptor alpha expression and hormone-independent survival in breast cancer [11] [12] [13] [14] [15] , which suggested the role of DBC1, as a tumor suppressor or oncogenic protein, is still controversial in cell survival. However, despite the identification of DBC1 in breast cancer, DBC1 has been reported in various cancers, especially in the digestive system cancers. Notably, DBC1 promotes anoikis resistance in GC cells by regulating NF-κB activity, regulates CRC progression by β-catenin-PROX1 signaling axis [16] [17] . Furthermore, the abnormal expression of DBC1 has found in various digestive system cancers, e.g. ESCC, GC, CRC, HCC, which was associated with cancer progression and poor prognosis [4, [18] [19] [20] . In obvious contrast, DBC1 was correlated with better survival and good prognostic factors including lower histologic grade, lower pathologic T and N stage, and absence of lymphatic invasion of GC according to the study by Youngran et al [21] . Meanwhile, DBC1 lost its relevance and prognostic value in CRC [22] . The paradoxical results lead to an unresolved issue of the relationship between DBC1 expression and the clinical outcome of cancer patients. Thus, the prognostic value of DBC1 in digestive system cancers needs to be confirmed by systematic analyses. Therefore, on the basis of a comprehensive search of the relevant literature, we conducted this meta-analysis to evaluate the prognostic value of DBC1 in digestive system cancers.
Materials and Methods

Search strategy and study selection
A systematic computer-aided literature search PubMed, PMC, Elsevier, Springer, Wiley, EBSCO, ScienceDirect, Web of Science was conducted (last updated in July 2018) by using the following terms: "(DBC1 or deleted in breast cancer 1) AND (cancer or tumor or malignancy or neoplasm or carcinoma) AND (prognosis or prognostic or survival or outcome)". We also screened the lists of the references in relevant literatures and applied alternative terms (Cell Cycle and Apoptosis Regulator 2 or CCAR2) for comprehensive search to prevent missed. The meta-analysis was in accordance with the reporting checklist as part of the preferred reporting items for systematic reviews and meta-analyses statement [23] . Languages of the researched literature were limited to English.
Inclusion and exclusion criteria
Publications were recruited in this meta-analysis, when they fit all of the following criteria: (1) evaluating the relationship between DBC1 expression and clinical parameters and overall survival (OS) in digestive system cancer patients using a retrospective design; (2) examining DBC1 protein expression in tumor tissue; (3) patients were grouped according to the DBC1 positive and DBC1 negative; (4) complete definition of the cutoff value; (5) having the hazard rations (HRs) and 95% confidence intervals (CIs) information for estimating the survival outcomes; (6) studies with more than 100 patients; (7) patients were received surgical treatment, without history of prior adjuvant chemotherapy or additional re-operation after surgery; (8) Correct statistical and experimental methods. (9) Having specific and effective anti-DBC1. We excluded the following studies: letters, editorials, meeting abstracts, case reports, and reviews.
Data extraction and quality assessment
Data extracted from each study included the first author, publication date, country, age, recruitment time, sample size, cancer type, detection method, follow-up period, cutoff values, analysis method, survival outcomes, HR estimation, quality scores, and necessary clinical characteristics. Each literature was read and extracted independently by 2 clinicians in a blinded fashion. Any disagreements were resolved by scientific discussion. The Newcastle-Ottawa Scale (NOS) was applied to assess the included studies [24] . As following categories: selection, comparability, and exposure. Briefly, the total score of NOS was the sum of the scores for the three categories. Base on the scores, we considered studies as high quality if the score>6.
Statistical analysis
All the tests were performed using STATA 14.0 software (STATA Corporation, College Station, Texas, USA). Two-sided tests were used in all the analysis. The odds ratios (ORs) and their corresponding 95% CI were combined to estimate the effect of the correlation between DBC1 expression and clinicopathological features (i.e., gender, age, TNM stage, tumor invasion, venous invasion, LN metastasis, histologic grade, WHO classification, distant metastasis) by the pooled analysis. HRs with the corresponding 95% CIs were used to estimate the strength of the association between DBC1 expression and clinical prognosis of cancer patients through Z-test. And HRs and the corresponding 95% CIs by multivariate analysis in original data were preferential subjected in the analysis models. Otherwise, subgroups were also conducted in such way to acquire the pooled HRs. Heterogeneity between studies was quantified by Chi-squared test and I 2 statistics. The random effect models was used to assessing the pooled estimates, when the Chi-squared test of P < 0.10 or I 2 > 50%, while the fixed effect model was applied in the absence of heterogeneity. Cumulative meta-analysis was performed to show the trend in the estimated effect. Sensitivity analysis was carried out by sequentially omitting individual study to validate the stability of the pooled outcomes based on the overall HR estimate of OS. Meta-regression analysis was performed to investigate the potential source of heterogeneity among studies. Egger's regression plot and Begg's test were used to evaluate the risk of publication bias. P<0.05 was considered statistically significant.
Results
Characteristics of the included studies
The precise selection process of literature search is shown in Figure 1 . A total of 213 relevant publications were prospectively identified, after careful examination of the titles and abstracts from each literature, 192 studies were excluded because they were letters, basic research, review articles, or obvious beyond the inclusion criteria. ). Therefore, 9 eligible studies published from 2009 to 2017 were included. A total of 2391 patients from China, Japan, Korea were diagnosed with digestive system cancers, including ESCC [18] , HCC [20, 25] , GC [3,5,19 ,21] , and CRC [4, 22] . The patients were recruited from 1982 to 2011, and DBC1 expression was evaluated by immunohistochemistry (IHC) method in these 9 included studies. Cutoff values for positive DBC1 expression were also well definite in all included studies. 8 studies provided the follow up end point, and 5 studies were grouped patients by age 60. 7 studies provided the HRs for OS and the corresponding CIs through multivariate analysis, while 8 studies were calculated from univariate analysis. All studies were considered as the high quality literature after figure up the NOS scores. The detail information is summarized in table 1. To assess whether there is the heterogeneity of DBC1 among the included studies, we analyzed the heterogeneity through the Q statistic. As illustrated in Table 2 , we performed a random-effects model to estimate the overall HR for OS for its extreme heterogeneity (I 2 =81.6%, P h < 0.001). Actually, even if we use the stratified analysis to assess the source of heterogeneity based on the subgroups of cancer type, detection method, analysis method, publication date, sample size, cutoff value, and study region, the heterogeneity was seem to be still remarkable.
Association between DBC1 expression and clinicopathological characteristics of digestive system cancers
Results are reported in 
Cumulative meta-analysis and meta-regression analysis of DBC1 expression and OS in digestive system cancers
To gain insights into the associations of DBCI expression and OS, cumulative meta-analysis was performed based on the HR for OS. As showed in Figure 3 , we demonstrated that overexpression of DBC1 was regarded as an unfavorable factor of prognosis. And, with the deepening of annual research, the pooled HRs and the corresponding 95% CIs tended to be stable and narrow. Otherwise, owing to the extreme heterogeneity among our meta-analysis, we made a further investigation in the potential source of heterogeneity by meta-regression analysis. The results revealed that cancer type (P=0.253), publication date (P=0.808), analysis method (P=0.927), cutoff value (P=0.526), sample size (P=0.102), and research region (P=0.601) were not responsible for the source of heterogeneity for OS.
The influence of each study on the pooled HR was evaluated by sensitivity analysis. As announced in Figure 4 , no point estimate of the omitted individual dataset lay outside the 95% CI. Meanwhile, the publication bias of the included studies was evaluated through Egger's (Fig.5 ) and Begg's tests, the corresponding P value were 0.073 and 0.348 respectively. These results indicated that there was no individual study dominated the meta-analysis results, and no statistical evidence of publication bias was found for the meta-analysis. Thus, the results of this meta-analysis were stable and reliable.
Discussion
Poor prognosis is a major fatal problem after surgery for digestive system cancer, and amounts of clinical markers are being confirmed to predict patient outcome. Currently, traditional clinical and pathological parameters, including tumor size and number, tumor and venous invasion, TNM stage and LN metastasis have been considered relatively useful prediction [3] [4] [5] . However, great variation of prognosis was still remained in patients with digestive system cancer. In past few years, the association between molecular changes and cancer-related prognosis has been intensively explored. Biomarkers, such as long noncoding RNAs, octamer-binding transcription factor 4, and hexokinase 2 were shown to be related to post-operation prognosis in digestive system cancer patients in corresponding metaanalysis [6] [7] 26] . This study initially revealed the importance of DBC1 expression in prognosis after surgery, suggesting that molecular biomarker would be a potential parameter for patients' outcome, thereby helping establish a better system for prognosis in patient with digestive system cancer.
It is well known that DBC1 was originally identified in a human chromosome 8p21 region frequently deleted in breast cancers and had an indispensable role in cancer progression [27] . However, the expression level of DBC1 or its function in digestive system cancer was still controversial. On one hand, DBC1 may play an oncogenic role in tumor development. As described in the previous studies, Inhibition of the senescence of premalignant cells, regulation of SIRT1 activity, and co-activation of androgen receptor were reported to be correlation with the DBC1 expression and accelerate the tumorigenesis. It is worth noting that Hiraike et al. and Park et al. have shown that DBC1 can act as an active molecule to regulate apoptosis or transcription proteins, thus producing carcinogenic effect [9, [11] [12] [28] [29] . DBC1 expression in various cancer tissues, such as ESCC, HCC, GC, CRC, and so on, were significantly higher than in the corresponding adjacent non-tumor tissues. And, overexpression of DBC1 is significantly correlated with tumor stage, LN metastasis, tumor invasion and histological type, thereby leading to a poor prognosis [4, [18] [19] [20] . On the other hand, DBC1 potentiates suppression of SIRT1 activity, stimulates p53-dependent cell death, regulates of nuclear receptors and signaling molecules, mediates endocrine-resistant cell survival, indirectly inhibits Wnt/β-catenin pathway to act as a tumor suppressor [9, [14] [15] 17, [30] [31] [32] [33] . Likewise, Noguchi et al. reported that DBC1expression is associated with favorable outcomes [5] . In fact, the exact role of DBC1 in tumor progression has been rarely explored and is still controversial, which may partly due to the uncertain function of SIRT1 [9, [34] [35] . Meanwhile, these contradictory findings may be attributable to the different types of tumor. In view of those, we specially conducted this meta-analysis to explore the prognostic value of DBC1 on digestive system cancer.
In this meta-analysis, a total of 9 studies comprising 2391 patients were included in the meta-analysis, and the combined analysis showed that high level of DBC1 expression was significantly associated with unfavorable clinicopathological characteristics and reduced OS in digestive system cancers. Hence, DBC1 overexpression could be an independent marker of prognosis in patients with digestive system cancer. Moreover, we conducted a cumulative meta-analysis to explore the variation trend of the combined effect based on the chronological order, the result confirmed the stable trend of significant association between DBC1 and OS as time accumulated. In sensitivity analysis and bias tests, no individual study dominated the results, and no publication bias was found for the meta-analysis, suggested the robustness of the present meta-analysis. However, heterogeneity is an important reference factor for meta-analysis, forest plots and I 2 showed that the extreme heterogeneity based on the HR for OS were significantly detected among the included studies. Thus, stratified analysis were performed, and significant heterogeneity were yielded in most of subgroups on the basis of analysis method, publication date, cutoff value, sample size, cancer type and research region. Such significant heterogeneity could be probably due to the diversity in the gender, ethnicity, regional, cancer types, sample size, research method, and literature quality. Subsequent metaregression analysis was used to determine the possible causes of the heterogeneity. However, the results revealed P values more than 0.05 in all specified covariates, indicating that none of the factors was responsible for the source of heterogeneity for OS. Otherwise, stratified analysis also verified the potential prognostic prediction of DBC1 in subgroups, prognosis significance of DBC1 expression in digestive system cancers was found in subgroups of analysis method (univariate analysis), publication date (≤5 years), cutoff value (positive tumor cells>50%), sample size (<200), cancer type (digestive tract cancer), and research region (China). However, the pooled results were not statistically significant in other corresponding subgroups, especially in identical cancer type subgroups. Since SIRT1 was reported participate in tumor progression as both a tumor promoter and a tumor suppresser [34] [35] . DBC1 as a negative regulator of SIRT1 [9] , may also participate in both tumor promotion and tumor suppression. Also, the expression and function of DBC1 within various malignancies were not yet confirmed. And, the cutoff scores for DBC1 expression in present studies are significant incongruity [4,22 ,36-37] . Despite there was no critical error in our data extraction and statistical analysis, the phenomena described above may lead to differences in results.
Therefore, more study in appropriate cohorts of patients with well-designed study protocol for exploring the prognostic effect of DBC1 on digestive system cancers are urgent required. Considering the clinicopathological factors that have been already confirmed to be related to tumor progression and patient's prognosis [3] [4] [5] , further study should be carried out on its correlation with DBC1 expression. Pooled ORs for the age, WHO classification, Lauren classification, and LN metastasis were statistically significant in the correlation study of DBC1 expression with the clinical characteristics of patients. However, some of the clinicopathological factors, such as distant metastasis, Tumor size, TNM stage, tumor invasion, venous invasion, and histologic grade, which have been documented to be the major factors in tumor development, were not related to the expression of DBC1 in our meta-analysis. It is quite agree with the results from stratified survival analysis of DBC1 expression in digestive system cancers, DBC1 might not only promote tumor growth, but also inhibits the process of tumor [28] [29] [30] [31] [32] [33] . Interestingly, LN metastasis is the most common mode of metastasis of digestive system cancers, positive LN metastasis was proved to be an active factor in tumor progression and influence the prognosis of patients [38] [39] [40] [41] , which is consistent with the studies in DBC1 expression and disease-free survival [3, [18] [19] [20] 25] . Previous studies have not yet found that cancer-related proteins share the same histological characteristics between different cancer tissues, but the response to cancer cells is likely to be consistent. Herein, overexpression of DBC1 could stimulate the LN metastasis and leads to tumor metastasis and tumor recurrence, thereby contributing to poor prognosis in patients with digestive system cancers.
Immunoreactivity for DBC1 was found primarily in the nuclei. With regard to digestive system cancers, studies on the expression of DBC1 in tissues have shown unambiguous results, it is mainly discovered that DBC1 expression was significantly up-regulated in cancer tissues compared to adjacent normal tissues [3] [4] [5] [18] [19] [20] [21] [22] . Currently, several studies have revealed that DBC1 is essential for cell proliferation, apoptosis and histone modification, all crucial for regulating tumorigenesis [42] [43] . Besides, huge number of papers refers to the functions of DBC1 as a negative regulator of SIRT1, inhibition of SIRT1 function could induce growth arrest or apoptosis of human cancer cells [9, [44] [45] . DBC1, as a natural negative regulation of the deacetylase SIRT1, might be increased to compensate for up-regulated SIRT1 activity in patients with cancer [19] . Furthermore, knockdown of DBC1 significantly inhibited cell growth and cancer cell clonogenicity [20] . Thus, for the remarkable performance of DBC1 in tumorigenesis and prognosis, DBC1 might be a crucial therapeutic target in patients with digestive system cancers.
The limitations of this meta-analysis should be mentioned. First, only 9 studies were included in our quantitative analysis. Most studies did not report the subsequent therapy after surgical treatment that might affect the certainty of patients' prognosis, which may be a potential confounding factor of heterogeneity. Secondly, the studies have subjects of different age, follow-up time, and cut-off values, as the consensus value were rather difficult to reach, heterogeneity may be inevitably brought in. Thirdly, studies were of Asian origin and none of the included study was published this year, impeding the applicability and timeliness of the results across different ethnicities. Fourth, despite our efforts to make a comprehensive analysis, there were still 2 studies' HRs and the corresponding 95% CIs directly from univariate analysis, which would affect the validity of survival analysis for overall OS in digestive system cancers. Fifth, due to the small number of included studies, we neither found the association between DBC1 expression and digestive system cancers in subgroup analysis based on various categories, nor investigated about the role of proteins related to DBC1. Thus, more large-scale studies in different ethnicities with longer follow-up and much scientific protein expression cut off value are needed to further investigate the relationship of DBC1 to the prognosis of digestive system cancer.
In conclusion, this meta-analysis showed that high DBC1 expression may be related to the poor survival, old age, and positive LN metastasis in patients with digestive system cancers. Additionally, DBC1 could not only be an independent prognostic factor for survival of patients with digestive system cancer, but might also be a novel target for cancer therapy. For the limitations of the present study, more relevant studies are eagerly warranted.
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